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(57) Abstract: 

PURPOSE: A process for synthesis of nnetalllc and nonnnetallic 

phthalocyanine in the absence of solvent using microwave 

energy is provided, thereby high purity nnetallic and nonmetailic ^^^S 

phthalocyanine can be synthesized in higher yield without 

solvent recovering process and purifying process. i 1 1 . i 

CONSTITUTION: The process for synthesis of metallic and 
nonmetailic phthalocyanine in the absence of solvent using 
microwave energy comprises the steps of: mixing anhydrous 
phthalic acid, phthalimide, 1,3-dllmino isolndoline, 1,2- 
dicyanobenzene or non-metallic phthalocyanine, urea or 
nitrogen, and metal chloride, alkyl metal or alkoxy metal as a 

metal source using a catalyst; and heating the mixture to 130 to 250deg. C for 0.25 to 15 hours using microwave 
energy to synthesize metallic and nonmetailic phthalocyanine, wherein the catalyst is selected from ammonium 
molybdate, DBU, or DBN; the metal and non-metal are copper, iron, nickel, cobalt, manganese, aluminum, 
palladium, tin, lead, titanium, rubidium, terbium, cerium, lanthanum, zinc or hydrogen; and the output of the 
microwave energy is lOOW to 20KW. 
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Existing 

(54) The free-solvent synthesis method metal with free-metal phthalocyanine by using microwave 
energy 

Summary 

J^l^isj^ive^ ^energy 
J^filShe^ic^fi^o 1^^^ . Making a phyha I ocyan i ne compound in the free-solvent by using a microwave, there is no 
the existing unnecessary solvent recovery and refining process and the efficiency of reaction increase. 
Accordingly, high-purlty mej/tal and non-metat phiPialocyani ne are gained more than the solvent synthesis 
method by using the existing conventional heat-source type and having uniform and tiny particles, it is 
very profitable that the next-handling manufacturing process is reduced. 

fiepresentat i ve F igure 
f igure 2 

Ind&x word 

Free-solvent, microwave, metal phthalocyanine. non-metal phyha I ocyan ine, pur ity process 

A detailed statosient 



The si^,pie iiescr :pl ion of s skoich 



Picture 1. is the structural formula of metal, non-metal phthalocyanine. 

Picture 2. is experimental sequence of solvent and free-solvent synthesis method. 

Picture 3. is free-solvent synthesis equipment using microwave. 

Picture 4. is XRO graph of phthalocyanine synthesized for 2hrs. under 160^23010. in the conventional type 
solvent and microwave free-solvent. 

Picture 5. is the electron microscoupe'pic. Of phthalocyanine synthesized for 2hrs. under IZO'C , in the 
conventional type solvent and microwave free-solvent. 

Table 1. is the gaining ratio and purity of phthalocyanine synthesized for 2hrs, under 160- 230t:. in the 
conventional type solvent and microwave free-solvent 

Table 2. is the diameter and distribution of phthalocyanine synthesized lor 2hrs. under 160- 230*0, in the 

conventional type solvent and microwave free-solvent. 

Table 3. is the synthsis possibility examination of high gaining ratio metal and free-metal phthalocyanine, 
reacting for 2hrs, under 200*0, in the microwave free-solvent. 



The detafied descr Ipt ion of invant 'ton 
tnventnyn Objective 

The invent ion iechnoiooy and tsie tradi t ional lochnGUygy oi if>e sp/yero 

This is invention about the synthesis method metal with non-metal phthalocyanine by using microwave energy 
in the free-solvent 

Phthalocyanine is high stability, optical and electronic properties for specific chemical structure. 
Phthalocyanine is applied to the field of a dye, a cosmetics, a paints, a chemical sensor, a electro- 
coloring display, a photoelectric pressure cell, a radiator, a catalyst, a optical disc. 

Generally, metal and free-metal phyhalocyanine are gained after the origin substances of phthalamide, 1,3- 
diaminoisoindol , 1 ,2-dfcyanobonzene are reacts with a urea, nitrogen, metal-indigo and a react catalyst 
over 180O, in a non-active solvent. 

The structure formula of phthalocyanine is shown on pic 1. M is designated a metal or free-metal as a 
copper, a NIkel, a cobalt, a manganese, a Aluminium, a palladium, a tartar, a wax, a titanium, Rubidium, 
Terbiunn. Ceriunn, Lanthanum, a zinc or hydrogen. 

A microwave is a electromagnetic wave of O.OI^Im wave length and has the properties like rapid heating, 
optional heating and volumetric heating. In the microwave synthesis and resolution reaction, a 
synthesis/resolution are promoted because a mlcrowave's heating effect(heat transfer and catalyst's active 
phenomenon), chemical effect (polarizing phenomenon), mechanic ef feet (agi tat ing phenomenon) and the improved 
mass transfer effect . 

As the synthesis of a metal /free-metal phthalocyanine used a conventional heat source is possible to be 
high the react efficiency by decreasing the usage of a unnecessary solvent and to react pro-envi ronmental ly, 
a lot of study was progressed but, those study are no used commercially for the uniformed heat-transfer 
into the reactor's inside and difficulty of substances' uniformed mixing. 



7'h& siwontion to 30hiev& t&chnicai subj&cl 

This invention is using microwave energy to solve the above problem in place of the solvent synthesis used 
the existing conventional heat source. Using microwave energy, metal /free-metal phthalocyanine is producted 
in the free-solvent and offer the . free-sol vent synthesis method of metal /free-sol vent phthalocyanine having 
improved manufacture process and physical proper ty. (pic 2) 

Precisely, reducing a unnecessary solvent's usage, it is possible to synthesize pro-environmental pury 
metal and free-metal phthalocyanine on high gaining raten. As those phthalocyanine have a uni forme d 
particle size and limited particle distribution and the next treatment manufacture process is reduced, they 
are profitable to product industrially. 



Tho cos7fjosi t ion and function of invvation 
To describe this invention in detail as bellow: 

This invention is used microwave energy as heat source and metal/free-metal phthalocyanine are produced in 
free-solvent . 

The orgin substances are anhydrous-phthal ic acid(or . T.3-diaminoisoindol . 1 . 2-d i cyanobenzene . free-metal 



phthalocyanine), a urea, a nitrogen, acetic-metal, alkyl-metal or alkoxy-metal as a metal base. A react 
catalyst are Ammonium molybdate. 06U. or OBN. 

A equipment for microwave free-solvent synthesis was manufactured a equipment of the performance of a cycle 
as 2.45GH2. output-power a 700W. To uniform the microwave of vessel inside, the mode stirrer was installed 
and to measure/control the exact substances' temperature, a K-type stainless thermocouple and PlO-type temp 
controller were installed. As separating three-opened Pyrex vessel was isolated to go heat efficiency up by 
a glass-fiber, it was located the center of microwave vessel. Three holes of 1cm diameter were made on the 
vesseTs upper part and a thermocouple, a condenser and a agitating bar was installed. The interposition 
part was sealed by the Tefron.(pic 3.) 

As uniformly agitating the substance in the microwave free-solvent synthesis equipment, approximately 2- 
20lC/min, heated it till 120'C. Over 120*0. approximately 0.25- 10*C/min. heated It tilj 130-250'C. 

Substance was agitatied for 0.25-10hrs under each temperature, metal /free-metal phthalocyanine were 
synthesized. Afterward, to remove dis-substances. those phthalocyanine were put in 3% sulphuric acid sol', 
treated on 85*0 , for Ihr and. 

In 1% sodium hydroxide, metal/f ree-metal phthalocyanine treated acid were treated alkali on 85*0 , for 1hr 
and to make neutrality, 90*C distilled water was thrown, those phthalocyanine was dried in the oven, 
approximately 105*0, 24hrs. 

Pic 1 was shown the react gain ratio and the purity of Copper-phthalocyanine reacting on 160- 230"C. for 
2hrs by microwave free-solvent synthesis method. As the gain ratio and the purity of phthalocyanine 
synthesized by microwave free-solvent were compared with the existing conventional solvent synthesis 
method, were almost the same. 
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Pic 4. is shown the XRD(X-ray diffraction) of copper-phthalocyanine, reacting on 160-230t:, 2hrs by 
synthesizing microwave free-solvent. As the peak of copper-phthalocyanine synthesized by microwave free- 
solvent were compared with the existing convent lonal solvent synthesis method, were almost the same. 

Pic 5. is shown the electronic microscope's picture of copper-phthalocyanine, reacting on 170°C . 2hrs by 
synthesizing microwave free-solvent. As the crystal form of copper-phthalocyanine synthesized by microwave 
free-solvent were compared with the needle shaped existing solvent synthesis method, were close to a oval 
form. 

Table 6, is shown the particle's diameter and distribution of copper-phthalocyanine . reacting on 160- 
230t;, 2hrs by synthesizing microwave free-solvent. As the particle diameter of copper-phthalocyanine 
synthesized by microwave free-solvent were compared with the needle shaped existing solvent synthesis 
method, were uniformed and showed the limited distribution. 
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^) fliv = Mean Value, SO = Standard Deviation 



Pic 3. is shown the synthetic possibility of the high gain ratio metal /free-metal phthalocyanine, reacting 
on 180*0, 2hrs by synthesizing microwave free-solvent. Precisely, the metal /free/metal phthalocyanine 
synthesized by microwave free/solvent were gained high efficiency ration. 
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At the below, this invention Is described more In detail through the experiment but It is not set limit by 
this case. 

Experiment case 1 

Using microwave energy, agitating the substances with anhydrous-phthallc acid 42g. a urea 49g. copper 
chloride 7g» Ammonium molybdate O.lg In a free-solvent on 130— 250t). 0.25— 15hrs. copper-phthalocyanlne 
was synthesized. Afterwards, copper-phthalocyanlne was put in 3% sulphuric acid solution and treated with 
acid on 85°C . Ihr . In 1% sodium hydroxide, copper-phthalocyanlne treated acid were treated alkali on 85tJ , 
for Ihr and to make neutrality. 90'C distilled water was thrown, copper-phthalocyanlne was dryed in the 
oven, approximately 1051C. 24hrs. 

Exper iment case 2 

Using microwave energy, agitating the substances with 1 ,3-diamlnoisoindol 36. 3g, Tl tanlumbuty lami de 21. 3g 
In a free-solvent on 130 -250*C, 0.25-15hrs. Ti tanlum-oxide phthalocyanine was synthesized. Afterwards, 
Titanium-oxide phthalocyanine was put In 3% sulphuric add solution and treated with acid on 85 'C , Ihr. In 
1% sodium hydroxide, Ti tanlum-oxide phthalocyanine treated acid were treated alkali on 85*0. for Ihr and to 
make neutrality, 90t: distilled water was thrown, Tl tanlum-oxide phthalocyanine was dryed in the oven, 
approximately 105°C, 24hrs. 

Exper iment case 3 

Using microwave energy, agitating the substances with 1 .2-dlcyanobenzene 21.4g, OBU 25. 4g in a free-solvent 
on 130 - 250'C. 0.25-15hrs. free-metal phthalocyanine was synthesized. Afterwards. free-metal 
phthalocyanine was put in 3% sulphuric acid solution and treated with acid on 85*0 . Ihr. In 1% sodium 
hydroxide, free-metal t phthalocyanine reated acid were treated alkali on 85 'C . for Ihr and to make 
neutrality. 90'C distilled water was thrown, free^etal w phthalocyanine as dryed in the oven, 
approximately 105 1; . 24hrs. 

Exper iment case 4 

Using microwave energy, agitating the substances with anhydrous-phthal ic acid 24. 7g. urea lOg. copper 



chloride, titaniufn chloride. Iron chloride. Cobalt chloride. Alufninum chloride. Manganess chloride, 
Tantar-chlor ide. Nikel chloride in a free-solvent on 130-250'C. 0.25^15hrs. metal phthalocyanine was 
synthesized. Afterwards, metal phthalocyanine was put in 3% sulphuric acid solution and treated with acid 
on 85*C, Ihr. In 1% sodium hydroxide, metal phthalocyanine treated acid were treated alkali on 85t^. for 
Ihr and to make neutrality. 90'C distilled water was thrown, metal phthalocyanine was dryed in the oven, 
approximately 105 'C , 24hrs. 



Comparative case 1 

In experiment case 1, it was practiced same as experiment case 1. except a conventional heat source in the 
solvent . 



Comparat ive case 2 

In experiment case 2. it was practiced same as experiment case 2. except a conventional heat source in the 
solvent. 

Comparat ive case 3 

In experiment case 3. it was practiced same as experiment case 3. except a conventional heat source in the 
solvent . 



The invent ion- s effect iveness 
TBiSS^fSven t i orv^a^fft f the;^^ Hod X ai \ t h vSon^ne f al^ph t ha I ocyan i ne^J by^us i rip Vm i c r owave^ epe r gy 

i nlthe^ ^ , ^^^'"9 ^ phthalocyanine compound in the free-solvent by using a microwave, there is no 

theT exisUng^T^^ and \Bl^r^%j§l^^^^ ?ltySJ.?R§y;^tM®^ 

Accordingly, hT^^u m ®lf^^^^ gaipedJmoYe than the solvent synthesis 

method by using the existing conventional heat-source type and lia\yynij|jjn^^^^ it is 

very profitable that the next-handling manufacturing process is reduced 



(57) Appi icat ion range 
AppI icat ion clause 1 . 

The free-solvent synthesis method of metal /free-metal phthalocyanine by using a microwave energy. 



AppI icat ion cl ause 2 . 

In addition to clause 1.. the synthesis method a metal and free-metal with copper, a Nikel. a cobalt, a 
manganese, a Aluminium, a palladium, a tartar, a wax, a titanium. Rubidium. Terbiunn. Cerium. Lanthanum, 
a zinc or hydrogen. 

Application clause 3 . 

In addition to clause 1., the synthesis method being the orgion substances as anhydrous-phthal ic acid . 
phthal ic-amide. 1 ,3-diaminoisoifldol . 1 .2-dicyanC)ben2ene or metal-free phthalocyanine. urea or nitrate, 
metal source is acetic-metal or alkyl-metal and the react catalyst as Ammonium molybdate. DBU. or DBN. 

Application clause 4 . 

In addition to clause 1., the synthesis method a synthetic interval time is 0.25-15hrs- 



Appl icat ion clause 5 . 

In addition to clause 1.. the synthesis method a synthetic interval temperature is 130^250'C. 
Application clause 6 . 

In addition to clause 1.. the synthesis method a microwave's output power is 100VV-20KVV. 
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NOVELTY - A process for synthesis of metallic and nonmetallic 
phthalocyanine in the absence of solvent using microwave energy is 
provided, thereby high purity metallic and nonmetallic 
phthalocyanine can be synthesized in higher yield without solvent 
recovering process and purifying process. 

- DETAILED DESCRIPTION - The process for synthesis of metallic and 
nonmetallic phthalocyanine in the absence of solvent using 
microwave energy comprises the steps of: mixing anhydrous phthalic 
acid, phthalimide, 1,3-diimino isoindoline, 1, 2-dicyanobenzene or 
non-metallic phthalocyanine, urea or nitrogen, and metal chloride, 
alkyl metal or alkoxy metal as a metal source using a catalyst; and 
heating the mixture to 130 to 250deg. C for 0.25 to 15 hours using 
microwave energy to synthesize metallic and nonmetallic 
phthalocyanine, wherein the catalyst is selected from ammoniiam 
molybdate, DBU, or DSN; the metal and non-metal are copper, iron, 
nickel, cobalt, manganese, aluminum, palladium, tin, lead, 
titanium, rubidium, terbium, cerium, lanthanum, zinc or hydrogen; 
and the output of the microwave energy is lOOW to 20KW. (Dwg.1/10) 
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A process for synthesis of metallic and nonmetallic phthalocyanine in the absence 
of solvent using microwave energy is provided, thereby high purity metallic and 
nonmetallic phthalocyanine can be synthesized in higher yield without solvent 
recovering process and purifying process. The process for synthesis of metallic 
and nonmetallic phthalocyanine in the absence of solvent using microwave 
energy comprises the steps of: mixing anhyd. phthalic acid, phthalimide, 
1,3-diimino isoindoline, 1,2-dicyanobenzene or non-metallic phthalocyanine, urea 
or nitrogen, and metal chloride, alkyi metal or alkoxy metal as a metal source 
using a catalyst; and heating the mixt, to 130 to 250° for 0.25 to 15 h using 
microwave energy to synthesize metallic and nonmetallic phthalocyanine, wherein 
the catalyst is selected from ammonium molybdate, DBU, or DBN; the metal and 
non-metal are copper, iron, nickel, cobalt, manganese, aluminum, palladium, tin, 
lead, titanium, rubidium, terbium, cerium, lanthanum, zinc or hydrogen; and the 
output of the microwave energy is 100 W to 20 KW. 
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